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h.yp-CF * Markers and characteristics irrelevant to the experiments being presented are not listed. The markers of the donors are listed in order to indicate how they were counterselected in conjugation experiments. Unless indicated, the strains listed have the same markers as those from which they were derived.
effectively counterselected by the absence of appropriate nutrient(s) in the agar. Plates were incubated for approximately 48 h at 37 "C before scoring the recombinants.
Other mating experiments were carried out on filters. A I ml mating mixture was filtered onto a sterile 25 mm Millipore filiwer, type HA, and the filter was placed on the surface of a warm (37 "C) tryptic soy agar plate (Difco). The plate with the filter was incubated at 37 "C. After incubation, the filter was placed in a sterile 25 x 150 mm test tube containing 2 ml saline. The mating mixture on the filter was suspended in the saline by vigorously agitating on a Vortex-Genie (Scientific Industries, Inc., Springfield, Massachusetts, U.S.A.), at top speed, for approximately I min. This suspension was then used for plating recombinants or subsequent procedures, as described in the text.
Unselectrd marker unalyses. Colonies were picked with sterile toothpicks and streaked as small patches onto nutrient agar pla.tes. After 8 to 12 h of incubation, the patches were replica-plated onto appropriate minimal medium agar plates to score for unselected markers.
Ultraviokt irradiation. A young broth culture was centrifuged, the pellet suspended in phosphate buffer and subjected to an U.V. source at 70 cm distance, as previously described (Zubrzycki et ul. 1966) .
Notation and abbrcviations. The abbreviations for genetic markers conform to the recommendations of Demerec, Adelberg, Clark & Hartman (1966). They are : arg (arginine), gal (galactose), his (histidine), hsp (host specificity), ilv (isoleucine), lac (lactose), keu (leucine), met (methionine), pro (proline), pur (purine), str (streptomycin; r for resistant, s for sensitive), thr (threonine) and trp (tryptophan). The notation to designate the hsp of the host is based on that used by Arber & Linn (1969) . HspaCF denotes the host specificity of the ~~2 0 0 4 -6 strains and hsp-Z that of the z20 strains.
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I 5 680 42 * These are average colony counts from eight plates, adjusted to correspond to plating of the undiluted mixture.
R E S U L T S
Polarity of transfer Preliminary experiments suggested that strains of 2 2 0 were donors and strains of ~~2 0 0 4 -6 were recipients in an intra-strain conjugation system. All recombinants tested were stable for a variety of single and multiple markers. The following is proof that there is this polarity of transfer during conjugation : matings between a variety of auxotrophic mutant strains of ~~2 0 0 4 -6 were sterile, but matings between auxotrophic mutants of 220 were productive. Recombinants from a mating between 220 and ~~2 0 0 4 -6 auxotrophs retained most of the markers of the ~~2 0 0 4 -6 auxotroph. These results are shown in Table 2 from a mating using LZ-TM-9 as the recipient.
Finally a Hayes type of experiment (Hayes, 1952a) was carried out, using streptomycin to demonstrate polarity of transfer between mutants of 220 and ~~2 0 0 4 -6 .
Because plating a mating mixture immediately on streptomycin-containing agar inhibits the formation of recombinants, the matings were done on Millipore filters which were incubated overnight on nutrient agar. The filters were washed in 2 ml saline and dilutions were plated on minimal medium agar (with or without streptomycin) to score for Trp+ recombinants. Differential counts of the donors and recipients were made and were found to be essentially the same, about I x I O~ to 3 x 10~/ml.
The results (Table 3) indicate that 220 is a donor and ~~2 0 0 4 -6 is a recipient. Note, in cross 2 , that there are more recombinants on the agar without streptomycin than on agar with streptomycin. This suggests that matings continue to occur for some time period after plating. Consistent with this is the observation that the colonies of the recombinants on the plain agar varied greatly in size, in contrast to the relatively uniform size of the colonies on the streptomycin-containing agar. Approximately 800 recombinant colonies from streptomycin-containing or plain agar plates were checked and all were found to be Trpf recombinants of LZ-TM-9. Similar experiments were carried out with two other derivatives of 220 (~~1 9 -I and ~3 -3 ) and the results were essentially the same, namely, there were no recombinant colonies on the streptomycin-containing agar from cross I with str-s derivatives of ~~2 0 0 4 -6 .
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Frequency of recombination and linkage analyses Strain 220-I is a low-frequency donor. The frequencies of recombination using two different recipients are shown in Table 4 . Of the markers scored, the frequency of recombination was highest for the trp marker. This observation has been made repeatedly.
Transfer of plmmids during conjugation
Using routine techniques for handling phage, it was found that 220-1 was immune to phage 004, a generalized transducing phage specific for E. coli 0 4 (Zubrzycki et al. 1966) . It was also found that 30 IZvf recombinants from a z20-I x ~6 -I mating were immune to 004. Overnight cultures of the recombinants were chloroform-treated and spotted on a lawn of CTM-41 , the indicator strain for CIo4. All spots were positive for phage. Subsequently it was established that z20-I is lysogenic for a phage, labelled 0 x 1 , which is a co-immune small plaque variant of 004.
To check whether phage could be isolated from recombinants for different markers, overnight broth cultures of recombinants were chloroform-treated and spotted onto a lawn of the phage indicator strain. The results were that 80 to IOO % of 445 recombinants for four different markers yielded phage. The plaque type was often a mixture of 0x1 and 004, but this mixture always occurs when an attempt is made to propagate phage 0x1. It was hypothesized that the phage genome was being transferred during conjugation. To test this, a rough strain, ~a 3 , which is a phage 004-resistant mutant of LZ-TM-9, was used in mating experiments. Since 220-I and ~~2 0 0 4 -6 have different host specificities (1zsp.Z and hsp. CF respectively) for restriction and modification of 004 (Zubrzycki, Levinson & Siegel, 1972 ) and 0x1 (unpublished) , the ~a 3 recombinants should yield phage with hsp-CF. From a plate mating with 220-1, 50 Trp+ recombinants of ~a 3 were selected and grown in broth. After chloroform treatment, the cultures were spotted on lawns of CTM-41 with hsp. CF and MRI 9-1 with lzsp -Z. Thirty-four recombinants yielded an estimated 200 to more than 1000 plaques on CTM-41, but only a few plaques on ~~1 9 -I , which it is known could be due to the incidental carryover of phage from the z20-I spread on the recombination plate. The remaining r5 recombinants yielded low numbers of plaques on both phage Intra-strain conjugation of E. coli 0 4 indicator strains, for reasons which will shortly become obvious. These results are consistent with the hypothesis that phage which is found in cultures of the recipient can be transferred from 220-I during conjugation. With recombinants from recipients other than ~a 3 , there were fewer plaques than would have been expected from stable lysogenic cultures. To investigate this further, 60 Trp+ recombinants were selected from a mating between z20-I and ~6 -I .
Overnight broth cultures from all 60 yielded phage. The cultures were streaked onto minimal medium agar and isolated colonies were rechecked to determine whether they yielded phage. Two of the 60 recombinants segregated non-lysogenic and lysogenic clones; clones from the other recombinants were non-lysogenic. This observation has repeatedly been made : recombinants are only 'transiently lysogenized'. A rapid segregation of the phage genome and the fact that ~a 3 cannot be secondarily infected with 0 0 4 could account for the low yield of phage in the 15 recombinants mentioned previously; a rapid segregation toward nonlysogeny could account for the few recombinant clones, also mentioned previously, which did not seem to yield phage.
In connection with the experiments on segregation of non-lysogenic recombinants, it was found that all 60 Trp+ recombinants were donors. Since then, from separate experiments, recombinants for a variety of other markers have also been found to be donors. However, the transfer of donor ability is not dependent on the transfer of chromosomal markers. After a 24 h Millipore-filter mating between M3-3 and ~6-61, the mating mixture was washed off the filter, diluted, and plated on minimal medium agar selective for recipients (not recombinants). The plates were incubated for approximately 24 h and then replicaplated onto an appropriate minimal medium agar plate pre-spread with ~6 -I , to select for Trp+ recombinants. Up to 1.4 % (74 of 5400) of the colonies were able to transfer the trp+ marker. Similar results were obtained in repeat experiments using different donor strains. In conformity with other fertility systems, this infectious donor ability is being attributed to a sex factor, named the Z factor. The Z factor per se does not account for hsp.Z, because Z+ donors with hsp.CF have been isolated.
Eflect of ultraviolet irradiation
Hayes ( I 952 h) observed that U.V. irradiation of F+ bacteria before a mating experiment resulted in increased recombinant frequencies. To determine whether this is the case with the Z + donors, they were similarly treated. The results with two of these are shown in Table 5 . Although donors with 1zsp.Z and lzsp-CF are equally susceptible to U.V. irradiation, the * Viable counts of the secondary donor, ~6 -6 1 , were made using the appropriate minimal medium agar which counterselected the primary donor, 2.20-I I .
other effects are different. With increasing doses of U.V. irradiation, M3-3 shows an increase in the number of recombinants/ml ancl a dramatic increase in recombinant frequency. Strain ~~1 9 -I shows a decrease in the number of recombinants/ml and a relatively slight increase in recombinant frequency. Similar differences have been observed using three other donors with Izsp-CF and two with h s p -Z .
There is no obvious explanation for the great increase in recombinant frequencies after Derepresxion of the 2 factor The Z factor appears to be similar to most transmissible plasmids whose fertility functions are repressed ). After such a plasmid is transferred to a new cell, the fertility functions of that plasmid remain derepressed for a short period of time. These transiently derepressed cultures can readily be detected when the plasmid codes for a somatic function such as the production of colicin or resistance to antibiotics. The Z factor does not code for either of these functions (Siegel, 1970; Zubrzycki, unpublished observations) . Therefore, derepression of the 2; factor could only be detected by observing an increase in the subsequent recombinant i'requency, employing an approach similar to that used to encourage the infectious spread of the Col (Stocker, Smith & Ozeki, 1963) and R (Watanabe, 1963) factors. In the following experiment, a trp mutant of 220-7 was used as a donor to assure that this primary donor could not account for thc ultimate appearance of Trp+ recombinants. The protocol called for a filter mating of 220-1 I and 1-6-61.
Three sets of filters were prepared. The mating mixture on one set was washed off immediately and plated with ~6 on appropriate minimal medium agar plates to select Trpf recombinants. Another set of filters was placed on nutrient agar, incubated at 37 "C for 20 h and then similarly plated with ~6 to select Trpi-recombinants. A third set was incubated for 4 h, a time during which a reasonable number of recombination events between 220-1 I and ~6 -6 1 could be expected. After the 4 h period of incubation the primary mating mixtures were suspended in saline and diluted to approximately I os bacterialml. These mating mixtures were placed on a series of filters. The mating mixture from one set of filters was IIztva-strain conjugation of E. coli 0 4 267 immediately plated for Trp-recombinants. The other filters were incubated on nutrient agar for secondary mating times of 1-5, 3 and 4.5 h, and then plated for Trpf recombinants. Diluting the primary mating mixtures, replacing the mixtures on filters and re-incubating for a secondary mating time are procedures analogous to those used to detect the infectious spread of Col and R factors. The results are shown in Table 6 . As was expected, there was a significant increase in the frequency of recombination from 5 x I O -~ after zero time to 3.5 x 10 ( ; after 4 h of primary mating. Primary mating for 20 h did not result in a greater recombinant frequency. However, during the periods of secondary mating, the recombinant frequencies increased up to 3.6 x 1 0 -~ in 4-5 h. These results suggest that the Z factor can be transiently derepressed.
D I S C U S S I O N
The mating system of Eschorichia coli 0 4 resembles others in several general ways (Meynell ct a/. ~968). There is sexual polarity. Donor ability is ordinarily repressed but can be transiently derepressed. The infectious nature of donor ability can be attributed to a sex factor which is called the Z factor. Genetic recombination for chromosomal markers occurs at a low frequency. But there are other characteristics of this mating system which are worth discussing .
Of the markers studied, the highest frequency of recombination is for the trp-marker. It may be that the Z factor has an affinity for this region of the chromosome. However, the data of linkage analyses (Table 2 ; Siegel, 1970) do not show that there is any gradient of transmission of markers starting at the tryptophan locus. To determine whether this is the case one must have a derepressed mutant of the Z factor which transfers the chromosome at a higher frequency. It was with such a mutant that Pearce & Meynell (1968) were able to conclude that the R I sex factor has an affinity for the tryptophan region and transfers the chromosome in a counterclockwise direction. A high-frequency donor strain has not so far been isolated. The difficulty in isolating such a strain is due to the fact that the Z factor does not code for an easily scored function, such as resistance to antibiotics or production of colicin (Siegel, I 970; Zubrzycki, unpublished observations).
When z20-I, the lysogenic donor, is used in conjugation experiments, a majority of the recombinants are immune to 0 0 4 and yield 0 0 4 and/or 0x1 upon initial testing. This is only a transient state because the recombinants soon segregate non-lysogens. Possibly all recombinants were 'transiently lysogenized', but the rapid segregation prevents us from establishing this. The fact that the phage genome of 0x1 is transferred from z20-I, regardless of the marker selected, suggests that it is transferred independently of the chromosome. There have been two other reports of a phage genome being transferred from the donor during conjugation, independent of the host chromosome (Boice & Luria, 1963; Sironi, Gallucci & Maccacaro, 1964) . All recombinants from a 2 factor-mediated mating become donors. The Z factor and chromosome might be transferred as separate genetic elements or together in some type of association. The observations that recipients become donors regardless of the marker selected and can become donors independent of genetic recombination support the first possibility. The latter possibility is supported by the results of U.V. irradiation in which donor ability is increased. Similar observations with the F factor have been interpreted to mean some kind of association with the chromosome (Evenchik, Stacey & Hayes, 1969) .
Attempts have been made to classify the Z factor into one of the three major types, I, F (Lawn, Meynell, Meynell & Datta, 1967) also support phage IKe (unpublished) . This means that the pili which act as the receptor sites for these phages are not the sex piAi for this intra-strain conjugation system. Strains of ~€ 2 0 0 4 -6 are competent recipients with donor strains of E. coli K I~ (Zubrzycki & Levinson, 1969 (unpublished) . These negative results, at least between 220 and F-strains of E. coli K I 2 , are not due to differences in host specificities, since lzsp-CF and h.sp-Kr2 are similar if not identical (Zubrzycki et al. 1972) . Furthermore, Zf donors with h p -Z are as good if not better donors with ~~2 0 0 4 -6 strains than those with hsp-CF (see Table 5 ). Experiments are being conducted to determine what accounts for the specificity between the donor and recipient strains of this conjugation system.
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